resources. These include periods of up to 2 weeks between completion of nest construction and egg-laying, occasional suspension of laying during clutch production (Murphy 1983a) , and a direct correlation between egg size and air temperature during the period of egg formation (Murphy 1985) .
In the present investigation I test the hypotheses that timing of breeding is energy limited in Eastern Kingbirds, and that egg size variation stems from size differences among females. I also examine the potential for an energy or nutrient limit to clutch size. Tests were made using information on body size and composition of female kingbirds with known reproductive histories, and through examination of egg composition and energy content.
METHODS
Study area and field methods.-Birds were collected in 1983 from a population in Douglas Co., eastern Kansas, about 6.5 km west of the city of Lawrence and immediately north of Clinton Reservoir (38?37'N,
95?19'W). Methods for locating and monitoring the progress of nesting pairs were identical to those used previously (Murphy 1983a).
I collected 23 breeding females as soon after the end of egg-laying as possible using a .22-caliber rifle and "dust shot." I also collected 5 females that were either migrants or in the process of selecting mates and settling on territories (= prebreeding females). Hour of collection was not standardized, but about 75% of the females were taken between 0900 and 1500 CST. Among nesting pairs, females were identified by behavior. Of the breeding females taken, 18 were collected 0-2 days after the laying of the last egg, and 1 each 5, 8, 21', and 25 days after the laying of the final egg. One female was collected on the evening before she laid her first egg (she contained one fully shelled egg plus three large yolky follicles). Twenty-five males were collected and analyzed identically. Skeletons were ultimately obtained from each specimen (see below), all of which are located in the Kansas University Museum of Natural History (KUMNH, numbers 80262-80314).
Field measurements of collected birds included body weight, tarsus, wing chord (flattened), and tail lengths, and bill length (anterior edge of nares to tip), width, and depth (both taken at the anterior edge of the nares). I recorded keel length as the average of three measurements of the distance from the base of the sternum to the base of the furcula. Weight was taken to the nearest 0.1 g with a spring scale, and wing chord and tail were measured to the nearest 0.5 mm using a 15-cm ruler. The remaining lengths were taken to the nearest 0.1 mm using dial calipers.
Scales and calipers were checked regularly for accuracy. Birds were then frozen for later body composition analysis.
Carcass analysis.-All laboratory analyses were performed without knowledge of individual female identities until after the completion of the size and composition analyses. A curatorial assistant assigned each specimen a KUMNH number, which I used as an identifier until I completed the laboratory work.
Carcasses were thawed, plucked free of feathers, and then the skin and all visible subcutaneous, mesenteric, and abdominal body fat were removed (= depot body fat), weighed, and refrozen. The pectoral flight muscles (pectoralis, supracoracoideus, and coracobrachialis) were dissected bilaterally and refrozen.
Gonads were examined to confirm sex. Flight muscle chord (base of sternum to tip of shoulder) was measured at this time. Small samples of muscle (0.5-1.0 g) from the carcass were removed and refrozen. The remaining carcass, excluding the viscera, was then dried to constant weight at 60?C (all oven drying was at this temperature) and weighed to the nearest 0.0001 g. I assumed that visceral fat and protein did not contribute substantially to reproduction and excluded it from all analyses. Clean, air-dried skeletons were obtained following about one month of maceration in water. Skeletons were placed in a desiccator for 24 h before weighing (nearest 0.0001 g). Total skeleton weight and weight of the skull and mandibular elements were recorded.
All dissected muscle samples were oven dried to constant weight and then roughly powdered with mortar and pestle. This was followed by extraction of lipids using petroleum ether in a six-sample Soxhlet apparatus. I dried lipid-free samples to constant weight. The weight difference between dry and lipid-free (= lean) dry samples was the ether-extractable muscle lipid content. The weight difference between the dry skeleton and dry skeleton plus carcass, plus the weight of the small muscle sample, comprised the carcass muscle weight. I used the percentage of lipid in the small sample as an estimate of the percentage of the total quantity of lipid matter in the carcass.
The sum of carcass muscle weight (CMW) and lean, dry pectoral flight muscle weight (FMW) was the total muscle weight (TMW). The quantity of lipids in the pectoral flight muscles and carcass equaled total muscle lipid. I assumed that the proportional weight of skin was the same in all birds, such that differences in skin and depot fat among individuals reflected differences in fat content only. To dry skin and fat I soaked tissues in chloroform-ether (3:1) and then oven dried samples for 2 days. The mean weight of dried skin from 5 individuals with no visible fat stores was 0.704 g (range: 0.602-0.737). Subtraction of this value from those given in Table 3 permits estimation of the approximate weight of female depot body fat. Egg composition.-Unincubated eggs were available from 21 different females, including 12 of the 23 females collected for body composition analysis. Number of eggs analyzed per female varied from 1 to 3, but in all statistical treatments I used only one observation/female, either the single egg or the average of 2 or 3 eggs. Fresh weights of egg components were determined on the day of collection. I measured weight of the whole egg to the nearest 0.001 g on a Mettler balance, separated yolk, albumen, and shell (plus membranes) into tared weighing dishes, and then oven dried egg components to constant weight. I calculated total wet albumen weight as the difference between whole egg weight and the combined weights of yolk and dry shell.
Ether-extractable lipid content of yolk and albumen were determined using the six-sample Soxhlet apparatus. I extracted lipids from 6 dry yolks for 45 min, dried and reweighed the samples, and then repeated the procedure. The weights of dry matter remaining at the end of the two analyses were identical. I therefore extracted lipids from the remaining yolks for 45 min. Albumen samples yielded no measurable amounts of ether-extractable lipids.
Based on these measurements and several assumptions (see below), I calculated the absolute quantity and percentage of egg comprised of shell, albumen, and yolk (both dry and wet), water, lipid, protein, and the total energy content. Dry shell weight plus membranes equaled shell weight. Yolk water content was the difference between wet and dry weights. Females differed considerably in size. For this reason I controlled for covariation of body composition with overall size before testing specific hypotheses. To estimate "protein availability," for example, I followed Fogden and Fogden's (1979) procedure and divided lean, dry FMW by the cube of flight muscle chord (= standardized flight muscle weight, SFMW). I used the difference in weight between the observed and predicted weight of the skeleton (minus the skull and mandibular elements) as an index of "calcium availability." I obtained predicted skeleton weight from the regression equation describing the relationship between skeleton weight and size (= factor 1 score) for males. I assumed that the relationship between skeleton weight and factor 1 score in males was unbiased because males did not have to mobilize calcium for egg formation. This was supported by the fact that female factor 1 scores explained only 20% (r = 0.447, df = 26, P < 0.05) of the variation in female weights, whereas male factor 1 scores explained 71% of the variation in male skeleton weights (r = 0.842, df = 23, P < 0.001; Fig. 1 ). Because neither the slopes nor the Y-intercepts for these equations differed significantly between the sexes (Fig. 1) 
RESULTS
Egg-laying occurred significantly later in 1983 than in previous years due to low ambient temperatures and high rainfall in the early breeding season (Murphy 1985) . As in other years, however, clutch size varied between 2 and 4 eggs, and dates for initiation of first clutches differed among females by 4 weeks. Mean egg weight was also statistically indistinguishable from mean weight in any other year in Kansas (Murphy 1985) .
TIMING OF BREEDING
Breeding date did not covary significantly with any of the external measurements of size (weight, r = 0.279; wing chord length, r = -0.202; tarsus length, r = 0.114; keel length, r = 0.110) or with score on factor 1 from the PCA of external morphological characters (r = 0.335). Degrees of freedom were 21 for all analyses except weight, for which the two females collected during the nestling period were excluded. Although timing of breeding (ToB) tended to be later as both weight and factor 1 score increased, as predicted, only 7.8% and 11.2% of the variability in breeding date was accounted for, respectively.
On the other hand, factor 1 score from the PCA of the skeletal measurements correlated positively with ToB and was marginally significant using a two-tailed test (r = 0.402, P = 0.06). ToB also was correlated positively and significantly with FMW (r = 0.465, P = 0.028) and TMW (r = 0.507, P = 0.014), but was not correlated significantly with SFMW (r = 0.252, P > 0.05; df = 21 for all analyses). Early-breeding females thus tended to be the smallest individuals in the population, whereas the largest individuals bred the latest. Especially noteworthy is that ToB was correlated most highly with TMW, suggesting a direct energetic basis for differences in ToB among females. Separate analysis of ToB vs. body size for females that laid 2 or 3 vs. 4 eggs indicated that in both groups small females tended to breed the earliest. In the 4-egg category, the relationship between ToB and TMW was significant ( Fig. 2 ; r = 0.870, df = 4, P = 0.03), but in the 2/3-egg category, although the relationship was in the predicted direction, it did not attain significance (r = 0.386, df = 15, P = 0.132). This lack of significance can be attributed to a single large female that laid unusually early (open circle in Fig. 2) . Exclusion of this female resulted in a highly significant relationship (r = 0.581, df = 14, P = 0.012). Hence, 4-egg clutch females tended to breed earlier than equal-size females in the 2/3-egg class (Fig. 2) , but as indicated by the nearly identical regression coefficients between ToB and TMW (see Fig. 2 ), increasing size resulted in identical delays in egglaying within the two clutch-size categories.
Multiple regression of ToB against TMW and clutch size produced an increase in the explained variation (R2) to 0.481 with entry of TMW at step 1 and clutch size at step 2 (df = 2,19, P < 0.01). Exclusion of the single earlybreeding, 3-egg clutch female raised the explained variation in ToB to 0.642 in the twovariable model. Hence, differences in body size explained about 25-40% of intrapopulational variation in breeding date, while factors associated with clutch size accounted for about an additional 25%. (Table 3) . Thus, total yolk weight did not increase proportionately as FEW increased because the proportion of protein in yolk failed to vary proportionately with egg weight. Both total protein and lipid increased proportionately with FEW, however, indicating that the energetic cost of producing an egg was directly proportional to FEW (Table  3 ). In the sample of eggs for which females also were collected, total lipid, total energy (kJ), lipid-free dry yolk, and total protein varied directly with female SFMW (Fig. 4) , but only 7-16% of the variation in any of the variables was related to SFMW. One nest in particular (39, open ellipses in Fig. 4 ) eliminated several potentially significant relationships, especially total lipids and energy (Fig. 4a, b) . With its exclusion, the amount of variation that could be attributed to SFMW increased to 25-30% (P = 0.10) for lipid-free dry yolk and total protein, but to over 50% for total lipids (P = 0.01) and total energy (P = 0.015).
EGG TRAITS
Lipid and calcium use. -Given that total egg lipids increased proportionately with egg size, I predicted that increasing egg size would reduce the total amount of extractable lipids from the pectoral flight muscles, and that within the group of females with egg composition data, pectoral muscle lipid content would decline as egg lipid content increased. I restricted both analyses to females taken within two days of the end of egg-laying (n = 18) to minimize potential effects of collection interval on pectoral muscle lipid content. In addition, I predicted that as egg size increased, the store of calcium (DPSW) would decline. Only the egg-laying female was excluded from tests of the latter hypothesis.
Results of the analyses of egg lipids vs. pectoral lipid content were equivocal. Lipid con- Fig. 5a ) indicated that most of the increase in the multiple coefficient of determination was due to egg lipid weight as it alone accounted for 81.4% (r = -0.482) of the total explained variation, although again it was not significant (P > 0.05).
The relationship of egg size to calcium use (DPSW) exhibited a stronger and much clearer pattern. Egg weight and DPSW were correlated significantly and negatively (r = -0.432, df = 20, P < 0.05). A trend also existed for DPSW to decline as eggshell weight increased (r = -0.488) in the 12 females for which I had data on both body and egg composition (Fig. 5b) . These patterns suggest strongly that the skeleton was used as a proximal source of calcium during egg formation, and that producing large eggs required the use of relatively greater amounts of endogenous calcium. did not differ significantly with clutch size (Table 4; two females collected during the nestling period were excluded). Correction for collection interval using multiple regression failed to establish a relationship between clutch size and measures of lipid availability (maximum variation attributable to clutch size was 5%, df = 2,18, NS). Although DPSW exhibited a pattern of variation suggesting storage and removal of calcium from bones by egg-laying females (Table 5) Price (1984) and in my study compared with Loman (1984) probably are related to differences in body size of the study species.
In Common Moorhens (Gallinula chloropus) small males apparently are preferred as mates because their metabolic demands are less than large males, and as a consequence they are more Egg and clutch size.-My results do not support the hypothesis that egg weight varies due to differences in female body size. None of the structural measures of size correlated significantly with egg weight, and of the muscle weights only SFMW explained a significant portion of egg weight variation. Although this accounted for only 21-25% of the observed variability, it does suggest that egg weight in kingbirds was more a matter of body condition than size, assuming that SFMW reflects body condition. This concurs with findings that annual variation in egg weight correlates directly with food availability (Murphy 1985) .
Females in good condition thus tend to lay large, high-quality eggs. The pattern of increasing egg weight (Fig. 3) and egg lipid (Fig.  4) with SFMW, decreasing pectoral lipids with increasing egg lipids (Fig. 5a) , and decreasing DPSW with increasing shell weight (Fig. 5b) suggests that either lipid or calcium availability limits egg size. Nonetheless, total protein requirements for egg production may also limit egg size as protein requirements were twice those for lipids (Tables 2 and 3) . Protein is very important in egg formation in a wide range of birds (Robbins 1981, Sharp and Moss 1981, Astheimer 1985). I doubt that protein is limiting for kingbirds, however, because during the breeding season they are almost entirely insectivorous, and insects are rich in protein (Turner 1982) . Although the pectoral flight muscles may be a source of and storage site for protein or specific amino acids (Kendall et al. 1973) , the direct correlation between total egg lipids and SFMW suggests that the pectoral muscles are the site for short-term storage of the endogenous lipids used in egg production. The fact that insects contain few lipids (Turner 1982 ) lends credence to this hypothesis. Insects are also low in calcium (Turner 1982) . However, I regularly obtained small snails in insect sweep samples in kingbird foraging habitats (Murphy 1985) . Selective foraging on molluscs may provide calcium for eggshell formation.
I found no evidence that the number of eggs produced is limited by resource limitation. I am unable to assess directly whether females store and deplete resources during clutch production (e.g. Jones and Ward 1976, Hails and Turner 1985). Yet, based on a knowledge of egg composition (Table 2 ) and the body composition of post-egg-laying females (Tables 4 and  5 ), it appears that many females that laid fewer than 4 eggs could have laid an additional egg almost solely from endogenous reserves. For example, about 186 mg of calcium were required for eggshell formation (20.9% of total dry egg weight in Bank Swallows, Riparia riparia; Turner 1982 ). An average egg also contained 205 mg of lipid and 409 mg of protein (Table 2 ). Most females carried at least 1.0 g of lipid (Table 4) , and differences in FMW and DPSW among females with 2 or 3 eggs were as much as 490 mg and 394 mg (Table 5) , respectively. Certainly, not all lipids were available for use in producing eggs, nor did differences in FMW or DPSW solely represent excess nutrients. By the same token, females of most passerine species, including kingbirds, probably do not produce eggs exclusively from their body stores (Ankney and Scott 1980). Energy and nutrients from stored reserves and daily intake were therefore very likely sufficient to allow a continuation of egg-laying. Other observations, including the laying of the largest clutches during the seasonal low in food availability (Murphy 1983a ) and the very weak influence of yearly variation in food abundance on clutch size (Murphy 1985) , suggest that clutch size is not energy or nutrient limited in Eastern Kingbirds. Instead, as Davies and Lundberg (1985) generalized for small passerines, factors related to the rearing of young are most likely responsible for the evolution of clutch-size patterns in kingbirds (Murphy 1983a (Murphy , b, 1985 .
